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Objectives. This
study was conducted to determine the inci-
dence of ysiol ly significant corm
artery disease In a
p of asympto
tic high risk men with essential hypertension
and
to asseas the validity of noninvasive t
In a subset of these
patients undergoing coronary artert
phy .
H o a . Two hundred twenty-six asymptomatic
men (mean
age 61 * 8 years) with ti s ntial hypertension and no clinical
evidence of coronary artery disease
but with at lead one additional
coronary risk factor were studied prospectively . Fifty age. and
risk fact
- hed n nsive subjects were evaluated as a
control group
. After a minimum of 4 days without medication,
subjects underwent strw thallkun•201 scintigraphy, ex and
h ambulatory a rdi phy, and ec iography .
Coronary anglography was performed in a subset of 34 (40%) of
84 patients with one or more positive test results
.
Results
. A positive thallium-201 scintig (18% vs. 6%; odds
ratio 3.4, confidence interval 0 .95 to 10.8, p = 0 .056), exercise
electrocardiograms (ECGs) (37%
vs. 13%; odds ratio 4.1, coufi.
deuce interval 1
.5 to 11 .2, p
< 0.043) a ambulatory ECG (15%
vs. 0%, p < 0.05) were more common in the hypertensive group
than In the control group. In the cohort undergoing coronary
The interrelation between essential hypertension and athero-
sclerotic coronary artery disease is well recognized
(1-3) .
Hypertension is a major risk factor for coronary artery
disease and presumably accelerates the atherosclerotic pro-
cess. Conversely, concomitant coronary artery disease is the
major cause of morbidity and mortality in hypertensive
tients
(1). Yet, despite the importance of this interaction,
much relevant information is lacking .
For instance, the
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angiography, thulliwu=201 scintigraphy was i i h sensitive and
specific for epicardial atherosclerotic coronary disease ( and
79%, respectively), but positive exercise and ambulatory EC Gs
occurred frequently in the absence of significant coronary steno-
ses. In the 39% of by rtensive patients who had mild to moderate
left ventricular hypertrophy, positive exercise and ambulatory
ECGs occurred at a higher rate .
Conclusions. These findings suggest that physiologically sig-
nificant coronary artery disease occurs more frequently in
asymptomatic hypertensive men than in comparable norrnoteasive
control subjects. In the subgroup undergoing coronary arteriog-
raphy, reversible inti phic defects were both sensitive and
specific for diagnosing epicard' coronary artery disease, but
exercise and ambulatory ECGs appeared to yield frequent false
five results, especially when left ventricular hypertrophy was
present. T results indicate that patients with "silent" coro-
nary artery disease can be identified among high risk hypertensive
patients, but the appropriate application of such screening in
clinical practice remains to determined .
(.1 Am Coil CnrdIol 1993;22.IS98-606)
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prevalence of physiologically significant coronary artery
disease in hypertensive patients and particularly in those
with multiple coronary risk factors is unknown. Indeed, it is
uncertain whether coronary artery disease can be detected
accurately or, as has been suggested (4,5), whether false
positive tests are excessively common.
These issues have become even more timely with the
recent demonstration in several placebo-controlled trials
(6-9) that cardiovascular death and coronary events can be
reduced with antihypertensive therapy. The more successful
demonstration of benefit in these studies may have reflected
the relatively older patients studied and their high preva-
lence of advanced coronary atherosclerosis. If patients with
significant asymptomatic coronary artery disease could be
identified, they might be targeted for more aggressive or
more specific therapy and also constitute a high risk group of
patients for future trials (10) .
Therefore, the present study was undertaken with two
primary goals: 1) to identify the rate of electrocardiographic
(ECG) and scintigraphic tests indicative of myocardial isch-
emia in an asymptomatic but relatively high risk group of
0735-10971931$6 .00
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hypertensive men in comparison with a similar age-matched
control group ; anti, 2) to determine whether positive test
results can be attributed to coronary artery disease . In
addition, because a number of studies (11-14) have indicated
that echocardiographic left ventricular hypertrophy is an
important risk factor for coronary events and other forms of
cardiovascular morbidity, a third goal was to examine the
rate of positive test results in hypertensive patients with and
without left ventricular hypertrophy .
Methods
Study patients. The study group 'was recruited from the
Hypertension Clinic in the San Francisco Veterans Affairs
Medical Center . All male patients who met the following
criteria were asked to participate: 1) age '40 years; 2) docu-
mented mild to moderate hypertension permitting discontinu-
ation of antihypertensive therapy for ~4 days ; 3) absence of
known coronary artery disease (as evidenced by symptoms
of angina, history of myocardial infarction or ECU criteria
for prior transmural myocardial infarction) or other known
cardiac disease; and 4) presence of at least one additional risk
factor for coronary artery disease, such as a positive family
history for coronary artery disease, previous or current ciga-
rette smoking, a blood cholesterol level >240 mg/dl or diabetes
mellitus .
Patients were excluded if they had symptoms of conges-
tive heart failure, significant valvular heart disease or ECG
abnormalities precluding the accurate assessment of isch-
emic ST segment changes, including left bundle branch
block, paced rhythm, digitalis therapy or >1-mm ST seg-
ment depression at rest . In addition, patients with a definite
noncardiac limitation to exercise, such as pulmonary dis-
ease, orthopedic abnormalities or peripheral vascular dis-
ease, were not included .
Two hundred twenty-six patients met these criteria and
ware studied prospectively . This sample represented 28% of
the patients enrolled in the Hypertension Clinic and approx-
imately 55% of the patients who met the entry criteria . The
major stated reasons for declining to participate were inabil-
ity to make the three required visits because of work
schedules or travel distance (approximately 33% of the clinic
patients live >1 h from the hospital), concern over with-
drawal of therapy and lack of iviiiingress to undergo the risk
or inconvenience of radiation exposure, exercise testing or
ambulatory monitoring for research purposes .
Fifty control subjects were recruited by advertisement
from the Dermatology Clinic or notices placed in the hospi-
tal . These men matched the age and risk factor distribution
of the hypertensive patients but had no prior history or
current finding of hypertension, defined as blood pressure
> 140/90 mm Hg on three separate determinations . The same
exclusion criteria were utilized in the control subjects and
hypertensive patients (that is, evidence of coronary artery
disease or other cardiac disease, ECG abnormalities at rest
precluding assessment of ST segment changes and noncar-
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diac limitations to exercise) . All control subjects and pa-
tients gave informed written consent to a protocol approved
by the Committee op. Human Research at the University of
California, San Francisco before participating in the study .
Study
protocol.
All artihypertensive medications were
withdrawn for a minimum of 4 days before any of the test
procedures. In patients who were taking central sympatho-
lytic agents, beta-adrenergic blocking agents or multidrug
regimens, therapy was tapered on an individualized basis
over a period of ~ [ week. In most subjects, exercise
thallium-201 scintigraphy was performed first, and ambula-
tory monitoring was begun immediately after the redistribu-
tion scintigram. An echocardiogram was performed 48 h
later when the ECG monitor was removed . In some cases,
the order of testing was altered for scheduling reasons, but
all tests were ac4.otnplished while therapy was withdrawn .
Patients underwent complete laboratory testing, including
measurements of serum electrolytes and fasting blood sugar
and lipid measurements, on the day on which ambulatory
monitoring was started. The same procedures were utilized
for the control subjects with the e~_cption brat ambulatory
monitoring was performed in only 30 of these 50 subjects .
Each of the study tests was interpreted independently by
two observers who had no knowledge of the subjects'
identity but were aware that these tests were obtained in
persons who were asymptomatic and undergoing testing as
part of a research protocol . When the two readers of any test
disagreed, a consensus interpretation was obtained by a
simultaneous reading .
Study procedures. Exercise testing and thalliurv-201 scin-
tigraphy . Treadmill exercise testing was performed accord-
ing to the standard Bruce protocol (15) . Electrocardio-
graphic leads V 1 , V, and aVF were monitored continuously
during exercise and recovery . Complete 12-lead ECGs were
obtained at rest, immediately after exercise and at the
termination of the 5-min recovery period . Tests were con-
tinued until a symptomatic end point of exhaustion, dyspnea
or leg fatigue . Chest pain or other ischemic symptoms did
not occur in any patient or control subject.
The exercise ECGs were classified as positive for isch-
emia if, compared with the baseline recording, there was
a 0.I mV additional horizontal or downsloping ST segment
depression at 80 ms after the J point . Both the time to 0 .1 mV
ST depression and maxima! ST segment depression were
examined as quantitative variables . Tests n which the
patients neither developed ischemic ST segment changes nor
achieved ?80% of the age-predicted maximal heart rate were
considered inconclusive .
At peak exercise, 2 .5 mCi of thallium-201 (3 .5 mCi for
tomographic studies) was injected intravenously and exer-
cise was continued for another 45 to 60 s . Scintigraphy was
begun within 10 min after completion of exercise. In the
initial 233 subjects, planar scintigraphy was performed using
a standard gamma camera (Siemens LEM) interfaced with a
Medical Data System A 2
computer to generate 45" left
anterior oblique, anterior and 70° left anterior oblique im-
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ages, This sequence was repeated after 4 h to obtain redis-
tribution scintigrams
. In 43 subjects, single-photon emission
computed tomographic acquisition (SPECT) was employed,
using an Elscint camera and computer .
The studies were read by two independent observers and
classified as normal or abnormal, and if abnormal, as dem-
onstrating a reversible or fixed defect . In addition, a semi-
quantitative scoring system in which a total of nine segments
from three planar projections were graded on a 4-point scale,
ranging from 0 (no abnormality) to 3 (uptake equal to back-
ground) was employed, and a total score was calculated . The
SPECT studies were read by the same approach from recon-
structed short-axis, horizontal long-axis, and vertical long-nxis
reconstructions . Fixed defects were classified conservatively
and considered present only if they were detected on two
planar projections . With SPECT acquisitions, inferior fixed
defects were not classified as abnormal unless a defect was
present in the distal half of the inferior wall on the horizontal
long-axis reconstruction . For the purpose of this study, only
abnormalities that were completely or Partially reversible were
considered positive for ischemia.
Interobserver agreement in interpreting the scintigrams
was excellent. The initial readings of positive versus nega-
tive was concordant in all but 12 (4.7%) of 253 studies and in
all studies considered more than mildly positive ('4-point
total difference between the stress and rest scores) . Dis-
reements were resolved by consensus .
Although they provided no historical evidence of exercise
limitations, 25 patients were unable to exercise to one of the
prespecified end points because of noncardiac limitations,
primarily because of arthritic or orthopedic complaints .
When this occurred, scintigraphy was performed after the
administration of dipyridamole (0 .56 mg/kg given intrave-
nously over 4 min). The acquisition procedures were identi-
cal to those employed for exercise scintigraphy .
Ambulatory ECG monitoring . Ambulatory ECG moni-
toring was performed for 48 consecutive hours using an AM
system (Marquette 8500 Series) and standard CC s and CMs
leads, All tests were scanned by an experienced physician .
Episodes 1 minute in duration of horizontal or downslop-
ing ST segment depression X0 .1 mV at 60 ms after the J
point compared with the preceding baseline and ST changes
observed during changes in posture or with hyperventilation
during an initial observation period were classified as isch-
emic . Episodes of ST segment elevation or T wave inversion
alone were considered nonspecific . All ischemic episodes
were verified by two observers . The ambulatory ECG was
considered positive if at least one ischemic episode was
present . A quantitative estimate of ischemia was made from
the sum of the areas under the time versus ST segment curve
for all episodes classified as ischemic .
Echocardiography. Two-dimensionally guided M-mode
echocardiograms were performed with standard techniques .
Measurements of posterior wall thickness, interventricular
septal thickness and left ventricular dimensions were ob-
tained using American Society of Echocardiography criteria
Table 1 . Characteristics of Patients
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*Eight of the hypertensive patients and two of the control subjects were
Asian-Americans% Only blood pressure was significantly different between
groups (p < O
.th)1 for both systolic and diastolic pressure). CAI)
m
coronary
artery disease ; SID = systolieldiastolic .
(16) for three to five consecutive cardiac cycles and aver-
aged. Left ventricular mass was determined utilizing the
Penn convention measurements and formula (17) and in-
dexed by body iurface area . Patients with a let ventricular
mass index >133 g/m , were considered to have left ventric-
ular hypertrophy .
Coronary arteriography . All patients with positive find-
ings on thallium-20l scintigram, exercise ECG or ambula-
tory ECG were asked to undergo coronary angiography .
Although this procedure was also presented as part of the
research study, in the informed consent process, patients
with more than one positive test or with a single very
positive test (more than one reversible defect on scintigra-
phy or >2 mm ST seg®nent depression on exercise or
ambulatory ECG) were told that they were more likely to
have underlying coronary artery disease . A total of 34
patients underwent coronary arteriography, including 21
(51%) of the 41 patients with a positive thallium-201 scinti-
gram and 13 with normal scintigrams but a positive exercise
ECG . Angiograms were read by an experienced observer
who was unaware of the results of the noninvasive testing
procedures. Lesions were considered significant if they
exceeded 50% of the lumen diameter in two projections . A
previous report (18) has described the results of coronary
angiography in a subset of these patient
Statistical analyses. All data are expressed as mean value
± I SD. Ninety-five percent confidence intervals (CI) are
given for proportions, including sensitivity and specificity
calculations. Differences between the hypertensive patients
and the control subjects were examined using two-tailed r
tests and chi-square con ingency table analyses . Compari-
sons between the results of different testing procedures
utilized McNemar's test . A p value < 0.05 was considered
statistically significant ; p values < 0.10 are indicated .
Results
Comparison of patient groups . Table 1 shows the com-
parison between the hypertensive patients and the control
subjects. There were no significant differences in age, distri-
Hypertensive
Patients
(n = 226)
Control
Subjects
(n = 50)
Age (yr) 61 ± 8 59 ± 9
White or Asian* 80% 84%
Family history of CAD 40a% 33%
Cholesterol >246 mgldl 26% 24%
Diabetes mellitus 2.60 2.0%
Smokers (current/past) 23%150% 18%149%
Average blood pressure (SID) 154 ± 19195 ± 9t 119±91781. 8
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Figure 1 . The presence of positive stress thallium-201 scintigrams
0"T% exercise electrocardiograms (JEW), ambulatory electrocar-
diograms and echocardiographic left ventricukur hypertrophy (Echo
LVII) in asymploffialic hypertensive men (solid
col"1111%) and age-
and 0A fiaclm%malclie(l control suhjccls (hatched cohtmns) . The
auiabea of suLliects with eWu&k tests is shown beloow . Positive
tests were more frequently present in the hypertensive patients .
bution by race or presence of important risk factors between
the patients and the control subjects . The only significant
difference was in blood pressure, which by definition was
higher in the hypertensive patients . Their mean blood pres-
sure after 4 to 7 days without therapy was 154/95 min 14g,
although it is likely that values would have increased with
time .
Results of noninvasive tests for ischemia. Figure I gives
the results of the noninvasive tests for ischemia . Forty-one
of the 226 hypertensive patients (18%, Cl 13% to 24%) had
reversible scintigraphic defects, as opposed to 3 of 50 (6%,
Cl 1% to 17%) in the control group (odds ratio 3 .4, Cl 0 .95 to
Table 2 . Interrelation of Noninvasive Test Results in Hypertensive Patients
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10.8, p = 0.056) . All of the latter involved only one region,
yieLing an ischemic
score
of
2; in contrast, the mean
ischerric score of the hypertensive patients was 3 .6. Perhaps
because of the conservative reading approach, fixed defects
were found in only four patients and no control subjects .
Of the 226 hypertensive patients, 201 completed the
treadmill exercise test, but 21 of these tests were considered
inconclusive because although results were negative, either
80% of maximal predicted heart rate was not achieved (20
patients) or a new intraventricular conduction defect devel-
oped with associated ST depression (I patient) . Sixty-seven
of 180 patients with interpretable tests had positive findings
(37%, CI 30% to 45%), versus 6 of 47 (13%, Cl 5% to 26%)
in the control group (odds ratio 4 .1, CI 1 .5 to 11 .2, p <
0,(;03). Although 33 of 222 patients (15%, C1 10% to 20%)
with a technically successful ambulatory ECG had positive
findings, none of the 30 control subjects undergoing this test
had episodes consistent with myocardial isehernia (p <
0.05). Only I conn-0 subject as compared with 33 (15%) of
the hypertensive patients (p 005) heal more than one
positive test .
Interrelation of noninvasive test results. Table 2 indicates
the relation between the scintigraphic results and the find-
ings on exercise and ambulatory ECG in the hypertensive
patients . A positive thallium scintigram was more frequently
associated with a positive exercise ECG (17 [57%) of 29)
than a negative scintigram (50 [,13%] of 151) . This was
especially true in the 12 patients with a more severely
positive scintigram (score ;?:4), of whom 10 (83%) had a
positive exercise ECG . Maximal ST depression was greatest
(2 .13 ± 0.91 mm) when the thallium scintigram was more
abnormal (score =4), intermediate (1 .95 ± 0.59 mm) when
the scintigram was mildly positive (score <4) and smallest
(1 .70 ± 0.55 mm) when the scintigram was negative ; con-
versely, time to I mm ST segment depression increased as
*Score represents sum of differences between redistribution and exercise ratings in nine segments (see Methods),
tp < 0.02 for concordance between thallium-201 scintigraphy ( 201 T1)
and exercise electrocardiography (ECO) . 1p <
0.001 for concordance between thallium-201 scintigraphy and ambulatory ECG
. AUC = area under curve of
ST segment depression over time for episodes with ~ I min of ST depression compared with baseline (see Methods)
;
+ = positive test result.
Thallium-201 Results
Positive
Negative Any+
Score < P
Score a 4*
Exercise KG (n = 180)
Negative to 113) 101$ 12
10 2
Positive (n = 67)
50 17 7 10
Time to 1 mm of ST depression (min) 5 .3 4.3
4.8 4 .0
Maximal ST depression (min) 1 .76
2.04 1 .95 2 .13
Ambulatory ECG (n = 222)
Negative (n 189)
1631 26 20
6
Positive (n = 33) 18 15 7
No . of episodes 2 .1 3 .3
2 .2
4
.3
AUC (mm x min) 123
168 126
204
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Figure 2. Venn diagram illustrating the interrelation between the
results of thallium-201 scintigrams (201 11), exercise electrocardio-
grams (ECO) and ambulatory electrocardiograms in the 176 hyper-
tensive patients in whom al: 1hree tests were adequate . Results in
the 84 patients with at leas, ~ae positive test are shown . Although
the majority of patients with a positive thallium-201 scintigram and
ambulatory ECG had one other abnormal test, a positive exercise
ECG was often an isolated finding . Given the results of coronary
angiography (see Table 3 and text), it would appear that either a
positive exercise ECG and ambulatory ECG in the absence of a
positive scintigram are not reliable predictors of coronary artery
disease. There are some discrepancies with Table 2 because this
figure does not include some patients with one or two positive tests
who did not have results for all three tests .
the scintigrams became less abnormal (4.0 ± 1 .9, 4 .8 ± 1.6
and 5.3 :t 2 .6 min, respectively). However, despite the
greater positivity of the exercise ECG in patients with a
positive scintigram, the majority of patients (50 [75%] of 67)
with a positive exercise ECG had a normal scintigram .
A higher proportion of patients with a positive scintigram
also had episodes of ST segment depression on the ambula-
tory ECG (15 [37%] of 41 vs . 18 [10%] of 181 or for patients
with a normal scintigram, p < 0.001). Among those with a
thallium score ;!t4, 57% had a positive ambulatory ECG .
These patients also had more frequent and more severe ECG
chaps. patients with a score a:4 averaged 4,3 t 3 .0
episodes/48 h with ST segment x time area of 204 ± 218 mm
x min compared with 2 .3 ± 2.2 episodes and 126 ± 189 mm
x min for those with less positive scintigrams (score <4) and
2.1 ± 2.1 episodes and 123 ± 298 mm x min for those with
negative scintigrams. However, neither of these trends was
significant.
Figure 2 utilizes a Venn diagram to illustrate the interre-
JACC Vol. 22, No. 6
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Table 3. Relation of Noninvasive Test Results to Coronary
Angiography in 34 Hypertensive Patients
*Defined as one or more vessels with >50% reduction in lumen diameter .
Six patients had left main or triple-vessel disease, five had double-vessel
disease and seven had single-vessel disease . Abbreviations as in Table 2 .
lation between the three assessments for ischemia in the
cohort of 176 patients who had an adequate exercise test and
ambulatory ECG. A majority of the patients (18 16290 of 29)
with reversible thallium defects had at least one other
indicator of ischemia . In contrast, 40 (60%) of 67 patients
with a positive exercise ECG had no other positive test and
another 15% had only a positive ambulatory ECG . A posi-
tive ambulatory ECG was usually not an isolated finding,
occurring in only 5 (18%) of 28 patients . The remainder had
either a positive scintigram (13 [47%] of 28) or a positive
exercise ECG (10 [36%] of 28) .
Relation of noninvasive test results to coronary arteriogra-
phy. Table 3 shows the findings of the noninvasive tests in
the 34 of 226 patients who consented to undergo coronary
arteriography . This group included 21 (51 %) of the 41
patients with reversible scintigraphic defects and 13 patients
without reversible defects who had a positive exercise ECG
with (6 of 13) or without (7 of 13) a positive ambulatory ECG .
A reversible scintigraphic defect was present in 18 of 20
patients (sensitivity 90%, CI 68% to 99%) and only 3 of 14
patients without obstruction in the vessel supplying the
region corresponding to the defect (specificity 79%, CI 49%
to 95%). Thus, in this selected cohort with a 59% incidence
of coronary artery disease, 18 of the 21 patients with
reversible defects had significant coronary artery lesions
(positive predictive accuracy 86%, CI 64% to 97%) . This
group included seven patients with single-vessel disease, five
with double-vessel disease and six with triple-vessel or left
main disease. The other three patients had no lesions >50% .
Eleven of the 13 patients without reversible defects had no
significant coronary artery lesions (negative predictive accu-
racy 85%, CI 55% to 98%) ; of the other 2 patients, 1 had a
90% lesion in a nondominant right coronary artery that did
Angiographic Results
Positive*
(n = 20)
Negative
(a = 14)
Thallium-201 scintigraphy
Positive 18
Score 20
14 0
Score <4 4 3
Negative 2 11
Exercise hCG
Positive 14 12
Negative 3 2
Ambulatory KG
Positive
t0 6
Negative 10 8
Echocerdiographic left ventricular hypertrophy
Present 11 6
Absent 7 8
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61%
25%
0
201
T1
Exercise ECG Ambulatmy ECG
Figure 3 . The prevalence of positive tests in the 113 patients with
hypertension and without echocardiographic left ventricular hyper-
trophy (hatched burs) and the 73 patients with both hypertension and
echocardiographic left ventricular hypertrophy (open bars) . Al-
though reversible thallium defects were present in similar propor-
tions (17% vs . 20%), positive exercise and ambulatory ECG studies
were significantly more common in patients with left ventricular
hypertrophy (27% vs . 41% and 12% vs. 23%, respectively) . Abbre-
viations as in Figure 1 .
not supply the left ventricle and the other had a 70% left
anterior descending coronary artery lesion .
A high proportion of the patients with a positive coronary
angiogram also had a positive exercise ECG (14 of 17 who
were able to exercise) and ambulatory ECG . The sensitivity
of these tests (82%, Cl 57% to 96%, and 50%, CI 27% to
73%) was not significantly lower than that of scintigraphy .
However, abnormalities were also common in the absence of
significant coronary artery disease . Of the 14 patients with-
out significant lesions who were studied, 12 had a positive
exercise ECG (specificity 14%, CI 2% to 43%) and 6 had a
positive ambulatory exercise ECG (specificity 57%, CI 29%
to 82%). The 14% specificity of the exercise ECG for
epicardial coronary artery disease was significantly lower
than that of scintigraphy (p < 0 .05). However, caution must
be used in interpreting these data because selection of these
subjects was based on a requirement for a positive test for
ischemia .
Relation of noninvasive test results to echocardiographie
left ventricular hypertrophy . Echocardiograms satisfactory
for measuring left ventricular mass were available in 186
hypertensive patients and 46 control subjects . Seventy-three
of the former (39%) (CI 32% to 47%) and 6 of the latter (13%,
CI 5% to 26%) met criteria for left ventricular hypertrophy
(odds ratio 4.3, CI 1 .6 to 11 .9, p < 0 .002) . Figure 3 illustrates
the prevalence of positive noninvasive tests far ischemia in
the hypertensive patients grouped according to whether or
not they met criteria for left ventricular hypertrophy . Al-
though the proportion of patients without and with left
ventricular hypertrophy who had reversible scintigraphic
defects did not differ significantly (17% vs . 20%), a signifi-
MASSIE ET AL.
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cantle greater proportion of patients with left ventricular
hypertrophy had a positive exercise ECG (41% vs
. 27%, p <
0.05) and positivq, ambulatory ECG (23% vs. 12%, p <
0.005). Neither of the three control subjects with a positive
thallium-201 scintigram had left ventricular hypertrophy,
although two of the six subjects with a positive exercise
ECG did fulfill the criteria for left ventricular hypertrophy
.
Discussion
Rate of positive tests for ischemia . The major finding of
our study was the substantial rate of positive noninvasive
tests for myocardial ischLinia-more than three times that of
matched normotensive control subjects--found in this group
of older male hypertensive patients with one additional
coronary risk Ixt", despite careful exclusion of historical,
symptomatic or ECG evidence of coronary disease . Eigh-
teen percent had reversible thallium defects, despite the
conservative reading bias . Titis positive rate was higher than
the 6% positive rate in the control subjects, with the differ-
ence approaching statistical significance (p = 0 .056). In
addition, when abnormalities were present, they were of
greater magnitude in the hypertensive patients . If most or
even the majority of these patients have physiologically
significant coronary artery disease, they would form a sub-
stantial group of patients at short-term risk for complications
of heart disease .
More than twice as many hypertensive patients had a
positive exercise ECG (37% vs. 13%, p < 0.003) and 15% of
the hypertensive patients had episodes of ambulatory ST
segment depression consistent with ischemia that were not
observed in any of the control subjects (p < 0 .05). However,
these findings were less specific for atherosclerotic coronary
artery disease in the subset of patients undergoing coronary
angiography .
There are few previous data concerning the results of
prospective screening of asymptomatic hypertensive pa-
tients or older control subjects without known or suspected
coronary artery disease . Utilizing thallium scintigraphy,
Fleg et al . (19) screened 407 subjects (aged 40 to % years), of
whom 37% had hypertension . Fourteen percent had positive
scintigraphic findings, a proportion intermediate between
that of our control and hypertensive groups . Only 16% had a
positive exercise ECG; this substantially lower prevalence
than our 37% probably reflects the smaller proportion of
patients with hypertension and left ventricular hypertrophy
in their study (15) . Siegel et al . (20), reported a positive
ambulatory ECG in 27% of asymptomatic hypertensive men,
and Zehender et al . (21), found episodes of a0.1 mV ST
depression in 33% of 150 patients compared with 15% in the
present study . The higher proportion in their study probably
reflects more severe hypertension (mean 174/97 mm Hg) and
more frequent finding of ECG left ventricular hypertrophy
(9% to 17% depending on criteria employed) (22) .
1	
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Interpretation of
positive tests for atherosclerotic coronary
disease . The first question, of course, is whether
these positive test results indicate atherosclerotic coronary
artery disease, myocardial ischemia of a different etiology or
false positive findings . It is clear that pressure overload left
ventricular hypertrophy is associated with changes in the
coronary circulation that result in impaired coronary reserve
(4,23-27). These may lead to ischemia in the absence of
stenosis of the epicardial coronary arteries, although there is
little evidence that this form of ischemia is common in
hypertensive patients with no or only mild left ventricular
hypertrophy, particularly in the absence of symptoms
(28,29). In the present study, noninvasive tests were evalu-
ated in relation to evidence of atherosclerotic disease of the
epicardial coronary arteries . Unfortunately but understand-
ably, coronary g iography was available in only the minor-
ity of these asymptomatic subjects . Although only 34 pa-
tients (15%) and none of the control subjects consented, this
total included 21 (51%) of 41 of those with a positive
scintigram and 27 (40%) of 67 of those with a positive
exercise ECG . Of the patients with a positive scintigram, 18
(86%) of 21 had significant stenoses of the artery supplying
regions with scintigraphic defects . In contrast, 11 (85%) of 13
of the patients undergoing cardiac catheterization with a
negative scintigram did not have significant stenoses al-
though all 13 met exercise ECG criteria for ischemia . Thus,
thallium scintigrams, when read very conservatively, appear
to be a reliable indicator of associated physiologically signif-
icant atherosclerotic coronary artery disease in this group of
asymptomatic hypertensive men >40 years of age with at
least one additional risk factor for coronary artery disease .
These favorable results with thallium scintigraphy differ
from data in several previous reports . For instance, Schul-
man et at . (30) retrospectively examined the results of
thallium-201 scintigraphy in hypertensive patients with chest
pain syndromes and concluded that false positive results
were common. However, coronary angi phy was not
performed, and the conclusion was based on the statistically
low likelihood of coronary artery disease in these patients .
In another study, Houghton et al . (26) found abnormal
dip r ' le thallium-201 scin ' s in a group of hyper-
tensive patients with chest pain but no significant coronary
artery disease. The false positive results (for large vessel
corn artery disease) were ascribed to impaired coronary
reserve secondary to left ventricular hypertrophy and, in
some cases, accompanying diabetes mellitus . In two subse-
quent studies (28,29), this up reported that even in
patients with chest pain, dipyridamole scinti s and direct
measurements of coronary reserve were usually normal
unless left ventricular hypertrophy was severe (in a range
Water than that observ+ed in most of the patients in our
study). Pringle et al . (31) performed thallium scintigraphy in
groups of hypertensive patients with and without ECG
evidence of left ventricular hypertrophy and a strain pattern .
In contrast to other studies (26,30), these patients were
asymptomatic . In the group without ECG left ventricular
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hypertrophy, thallium-201 scintigraphy was positive in only
13%, a proportion very similar to the 1&lo positive rate in our
comparable patients . Coronary angiography was not per-
formed for corroboration . In the "left ventricular hypertro-
phy with strain group" studied by Pringle et al . (31), 11
patients had reversible thallium-201 defects . Three did not
have coronary artery disease, but even in this group in whom
myocardial ischemia might be expected to occur because of
the severe degree of left ventricular hypertrophy alone, 73%
of those with reversible defects had significant coronary
artery disease . In a subsequent report by this group (32), a
higher proportion of patients with left ventricular hypertro-
phy and an ECG strain pattern had a negative coronary
angiogram, but this difference may have reflected greater
selection bias or the substantial number of fixed defects
included as positive .
Thus, although it has been stated by others (4,5) that
myocardial scintigraphy often yields false positive results for
the coronary artery disease in hypertensive patients, espe-
cially when left ventricular hypertrophy is present, this
observation may be applicable primarily in patients who
present with chest pain syndromes or have severe left
ventricular hypertrophy . The better results in the present
study probably reflect several factors, including 1) the pro-
spective study design; 2) the inclusion of only asymptomatic
patients ; 3) the relatively high risk patient group (relative to
their asymptomatic status) ; 4) the exclusion of patients with
severe ECG left ventricular hypertrophy ; and 5) the conser-
vative bias in interpreting the scintigrams .
In contrast, ST segment depression during exercise test-
ing or ambulatory monitoring appeared to be a less reliable
indicator of myocardial ischemia due to coronary artery
disease in our patients . Although the relatively smaller
proportion of patients with ECG evidence of ischemia who
underwent coronary angiography and the virtual absence of
patients without ECG abnormalities who were studied make
it difficult to estimate the predictive value of these tests, it is
clear that false positive tests (for atherosclerotic coronary
disease) occur frequently . If thallium scintigraphy is ac-
cepted as a surrogate marker for significant coronary artery
disease, as it appears to be in this study, then a better
estimate of the frequency of false positive tests can be made .
Seventy-five percent of the patients with a positive exercise
ECG had a normal scintigram, as did 55% of those with
ambulatory ST depression . The majority of patients with
ambulatory ST depression in the absence of a positive
scintigram also had an abnormal exercise test . These false
positive results were more common in the patients with
echocardiographic left ventricular hypertrophy . Thus, it
seems that in hypertensive patients, ECG ST segment de-
pression during exercise testing or daily activities is an
unreliable indicator of coronary disease and may reflect
repolarization changes due to left ventricular hypertrophy,
increased wall stress or other myocardial abnormalities .
Previous studies (33-35) have also shown frequent false
positive results for epicardial coronary artery disease using
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exercise ECG in hypertensive patients and although there
are few data about interpretation of ambulatory ST segment
depression in asymptomatic patients with hypertension,
particularly in the presence of left ventricular hypertrophy,
false positive results with this technique are also not st!rpris-
ing (36) .
Relation to echocardiographic left ventricular hypertro-
phy. Left ventricular hypertrophy is now recognized as a
powerful predictor of morbidity in hypertensive patients
(11-14). Because most of the morbid complications in these
studies, as well in the hypertensive population as a whole,
are caused by coexiaing coronary artery disease, the rela-
tion between the results of noninvasive testing for myocar-
dial ischemin and echocardiographic measurements of left
ventricular mass is of interest . Thirty-nine percent of the
hypertensive patients with adequate echocardiograms had
left ventricular hypertrophy, as did 13% of the control
subjects . This relatively high prevalence in both groups
probably reflects the older age of the subjects because left
ventricular mass increases with age . However, positive
thallium scintigrams were only slightly more common in the
patients with left ventricular hypertrophy than in those
without (20% vs . 17%, respectively) . Thus, an increase in
echocardiographic left ventricular mass itself does not ap-
pear to be an accurate predictor of thallium defects and, by
extension, of atherosclerotic coronary artery disease, al-
though the combination of left ventricular hypertrophy and
coronary artery disease may be highly synergistic in causing
more frequent or more severe coronary outcomes (10,37-
39) . In contrast, but perhaps not surprisingly, positive exer-
cise and ambulatory ECGs were significantly more common
in the patients with echocardiographic left ventricular hyper-
trophy (41% vs. 27% and 23% vs . 12%, respectively) . It
seems likely that the exercise- or activity-induced repolar-
ization changes associated with left ventricular hypertrophy
contribute to the false positive results (for atherosclerotic
coronary artery disease) with these tests . However, abnor-
malities of coronary reserve or endothelial function causing
nonfocal ischemia that might not be scintigraphically detect-
able must also be considered (23-27,40) .
Implications . If the validity of reversible thallium-201
scintigraphic defects as indicators of coronary artery disease
in hypertensive patients is accepted, then the approximately
18% positive rate is noteworthy. Our previous experience
(41) in a much smaller but similar group of patients with
positive thallium scintigrams showed that many will develop
clinical evidence of coronary artery disease over a period of
several years . Similarly, nearly 50% of the asymptomatic
patients with both positive scintigrams and exercise ECGs in
the study of Fleg et al. (19) became symptomatic over a
mean follow-up period of 4 .6 years . In the study of Zebender
et al. ambulatory ST segment depression and ECG left
ventricular hypertrophy were independent predictors of car-
diac death or myocardial infarction, especially in older
patients. We (42) have also shown that scintigraphic evi-
dence of ischemia and echocardiographic left ventricular
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hypertrophy are independent and highly additive predictors
of frequent ventricular premature complexes and nonsus-
tained ventricular tachycardia . Taken together, these find-
ings suggest that both silent coronary artery disease and
underlying left ventricular hypertrophy are predictors of
subsequent coronary artery disease, particularly in older
hypertensive subjects.
One obvious questien provoked by the findings of this
study is whether it is appropriate to screen asymptomatic
patients for silent coronary artery disease . Three additional
questions must be considered in answering this question .
1) Are the tests accurate enough to warrant their use in this
manner? Only thallium scintigraphy, the most expensive
approach, performed adequately. The 79% specificity in our
study might be acceptab'le if the patients being screened had
a moderately high prevalence of coronary artery disease .
However, because the readers were aware that the patients
were asymptomatic they adopted an appropriately conser-
vative approach in their interpretation . Most clinical labora-
tories tend to err on the side of overreading scintigrams so as
not to miss patients with coronary artery disease . Such an
approach leads to the much lower specificities that have
been observed in some large studies (43-45). A higher false
positive rate would render this procedure inappropriate for
screening asymptomatic individuals .
2) What is the relation of the present study group to
groups proposed for screening? In the present study, only
men >40 years of age with at least one additional coronary
risk factor were studied . If lower risk patients were exam-
ined, the false positive rate of thallium scintigraphy would be
substantially higher .
3) Perhaps the most critical question is, How would the
results of such screening be utilized? Even if patients with
asymptomatic coronary artery disease could be identified, it
is unclear whether early detection is beneficial or if a
therapeutic intervention would improve the prognosis . This
question is particularly relevant because in both our earlier
experience and in other studies (15,46,47) that have followed
up patients who had entirely asymptomatic silent ischemia,
the initial presentation of coronary artery disease is most
frequently angina rather than death or infarction .
Conclusion . The present study demonstrates the feasibil-
ity of detecting physiologically significant coronary artery
disease in asymptomatic hypertensive patients . Myocardial
scintigraphy appears to be significantly more accurate than
either exercise or ambulatory ECG . In these hypertensive
men with additional risk factors for coronary artery disease,
silent coronary artery disease appeared to be more common
than in normotensive but otherwise comparable control
subjecu. Echocardiographic left ventricular hypertrophy
was not associated with a significantly higher rate of positive
thallium scintigrams, but left ventricular hypertrophy may
play a synergistic role in causing subsequent morbid events .
Finally, although this study shows the feasibility of screen-
ing selected patient groups, the proper application of this
approach remains to be determined .
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